The tetra peptide t-butyloxycarbonyl-a-aminoisobutyryl-a-aminoisobutyryl-L-phenylalanyl-L-methionyl amide crystallizes in the orthorhombic space group P21212, with a = 9.096, b = 18.067, c = 21.701 A and Z = 4. The crystals contain one molecule of dimethyl sulphoxide (DMSO) associated with each peptide. The structure has been solved by direct methods and refined to an R value of 0.103 for 2 672 observed reflections. The peptide adopts a distorted 31 helical structure stabilized by two intramolecular 4 -w 1 hydrogen bonds between the Boc CO and Aib(1) CO groups and the NH groups of Phe(3) and Met(4), respectively. A long hydrogen bond (N 0 = 3.35 A) is also observed between Aib(2) CO and one of the terminal amide hydrogens. The DMSO molecule is strongly hydrogen bonded to the Aib(1) NH group. The solid-state conformation agrees well with proposals made on the basis of n.m.r. studies in solution.
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There has been tremendous effort in attempting to establish structure-activity relationships for enkephalins and synthetic analogues.*-3 The necessity of considering both backbone conformation and side-chain 01 ientation in acyclic pentapeptide sequences contributes significantly to the complexity of the problem. The presence of the Gly-Gly segment in the natural enkephalins 4 * 5 (Tyr-Gly-Gly-Phe-Met/Leu) results in considerable conformational flexibility of the peptide backbone. Attempts to elucidate conformation-function correlations have been limited by the difficulties in unambiguously demonstrating the occurrence of specific conformations for enkephalins, in ~o I u t i o n .~-*~ Several attempts have therefore been made to synthesize conformationally constrained enkephalin analogues, which retain biological activity.'6--20 It has been established that replacement of Gly residues by aaminoisobutyryl (Aib) residues, dramatically restricts backbone flexibility and abolishes conformational transitions detected by c.d. methods." The pentapeptides Tyr-Aib-GlyPhe-Met-NH, and Tyr-Aib-Aib-Phe-Met-NH2 induce long lasting, ' enkephalin like ' behavioural effects in mice following intracerebral administration.20 'H N.m.r. studies establish that in the latter both Phe(4) and Met(5) NH groups are hydrogen bonded, suggesting a consecutive p-turn or 3,0 helical conformation. Here we describe the crystal structure of the related peptide, Boc-Aib-Aib-Phe-Met-NH2. The peptide folds into an incipient 3 helical structure.
Experimental
The tetrapeptide was synthesized by conventional solutionphase procedures. Single crystals were obtained from chloroform-dimethyl sulphoxide mixtures in the space group P2,2121 with a = 9.096 (7), b = 18.067 (9, c = 21.701 (6) A and 2 = 4. One molecule of dimethyl sulphoxide (DMSO) was found associated with each peptide molecule, after structure determination. The X-ray intensity data were collected on a C A D 4 diffractometer, using w -20 scan up to a Bragg angle of 23" with Mo-K, radiation. Of the 3 220 reflections collected, 2 672 reflections having Z > 20(Z) were used in the refinement. The intensities were corrected for Lorentz and pol irization factors but not for absorption.
The structure was determined using the direct methods program MULTAN, 22 and refined using standard procedures. Hydrogen atoms were fixed stereochemically 23 and refinement carried out by a block diagonal least-squares method with anisotropic and isotropic temperature factors for non-hydrogen and hydrogen atoms, respectively. Refinement converged to a final R value of 0.103. The scattering factors for the non-hydrogen and hydrogen atoms are from refs, 24 and 25, respectively. The final positional parameters and the equivalent isotropic temperature factors 26 of the non-hydrogen atoms are given in Table 1 . The anisotropic thermal parameters of the non-hydrogen atoms and the observed and calculated structure factors are given in Supplementary Publication No. 23480 (22 pages).
Results and Discussion
Molecular ConJbrmation.-The bond lengths and valence angles in the tetrapeptide are summarized in Figures 1 and 2 . Perspective views of the molecule are shown in Figure 3 . Backbone and side-chain torsional angles are listed in Table 2 , while inter-and intra-molecular hydrogen bond parameters are given in Table 3 .
The peptide backbone folds into an incipient 310 helical c~n f o r m a t i o n ,~~*~~ stabilized by two good intramolecular hydrogen bonds (4-+1) between Boc CO -* HN Phe (3) Table 4 compares the molecular parameters observed for DMSO in the present study, with others reported ea~Iier.~~-~O In the structure of the 15 residue cyclic peptide, the DMSO molecules were poorly determined due to disorder in the In all the other structures the 0-S-C angles are close to tetrahedral values, whereas the C-S-C angle is substantially smaller. This is presumably due to repulsions between the sulphoxide oxygen and the lone pair of electrons on sulphur, resulting in a compression of the C-S-C angle.
Molecular Packing.- Figure 4 illustrates the packing of molecules observed in the crystals of Boc-Aib-Aib-Phe-Met-NH2. Two intermolecular hydrogen bonds link each peptide to its neighbours. The DMSO molecule is strongly hydrogen bonded to the Aib(1) NH group.
Comparison with Solution Conformation.-The molecular conformation of Boc-Aib-Aib-Phe-Met-NH2, determined in the solid state, agrees very well with proposals based on 'H n.m.r. studies in (CD3)2S0. The Phe and Met NH groups show very low temperature dependence of chemical shifts, suggesting that they are involved in intramolecular hydrogen bonds in solution. The presence of two Aib residues appears to impart sufficient conformational rigidity to the peptide backbone so that a specific folded conformation predominates, in solution.21a The n.m.r. data does not provide clear evidence for involvement of the C-terminal amide group in intramolecular hydrogen bonding. This is because temperature dependence studies in (CD3)2S0 are complicated by exchange processes, due to rotation about the C-N bond, leading to line broadening and coalescence of the primary amide N H resonances at 343 K.
A comparison of the n.m.r. parameters of the NH groups in the tetrapeptide and the active enkephalin analogue, TyrAib-Aib-Phe-Met-NH,, suggests that the latter adopts a similar folded c o n f~r m a t i o n .~~ It appears that folded, helical backbone conformations in enkephalins permit proper orientation of the Tyr, Phe and Met/Leu side-chains at the appropriate receptor sites. Values under a and b are for two independent molecules in the asymmetric unit and those in parentheses are due to positional disorder at sulphur.
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